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Introduction
Spasticity is a velocity-dependent increase in the mus-
cle tone as a part of the upper motor neuron syndrome. 
Post stroke spasticity is characterized by hyperexcitabil-
ity, a rapid rise in excitation and stereotypical postures. 
In the upper extremity impairment the hemiplegic pos-
ture consists of shoulder adduction, forearm pronation, 
and elbow, wrist, and finger flexion [1,2]. Compression 
neuropathy occurs when a peripheral nerve is chronically 
exposed to increased pressure, often within an anatomic 
compartment. The carpal tunnel is an anatomic compart-
ment delimited by the transverse carpal ligament and 
median nerve runs through the carpal tunnel. Post stroke 
flexed posture of the wrist may affect the pressure of the 
carpal tunnel and compress the median nerve.  
Median nerve ultrasound (US) is a non-invasive, 
inexpensive, and useful adjunctive tool that allows the 
median nerve to be visualized at real time. Also, the im-
provements in US technology have made it possible to 
measure tissue stiffness noninvasively by elastography. 
A recently published study showed that posture-induced 
changes could be detected by Shear-Wave Elastogra-
phy (SWE) at the median nerve [3].  Previous US stud-
ies have reported conflicting results on whether median 
nerve cross-sectional area (CSA) is altered in different 
wrist postures [4-6]. Although the effect of acute pos-
tural changes to the median nerve has been studied, the 
chronic effects of postural changes to the median nerve 
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have not been clearly identified yet. Therefore, the aim 
of this study was to analyze the effects of chronic flexed 
posture on the elasticity and CSA of the median nerve 
among stroke patients. 
Material and methods
Subjects
This study was approved by the Institutional Review 
Board and Ethics Committee and supported by the Insti-
tutional Research Fund. Written informed consent was 
obtained from all patients. All the patients were asymp-
tomatic for median and brachial neuropathies. None of 
the patients had diabetes, hypothyroidism, RA, or Down 
syndrome.
The inclusion criteria were: unilateral wrist spastic-
ity, at least Modified Ashworth Scale (MAS) 1 on the 
hemiplegic side; age above 18 years; more than 3 weeks 
from the onset of stroke symptoms and having flexed 
wrist posture; sufficient cognitive and communication 
ability to be able to give written informed consent. The 
exclusion criteria were as follows: established contrac-
ture or other neurological impairments without stroke; 
received botulinum toxin or treatments involving neu-
rolytic agent (such as phenol or alcohol) injections 
within the past 6 months; prior surgery or major trauma 
to the upper extremity and any other muscular disorders 
that may have affected the wrist; previous diagnosis of 
carpal tunnel syndrome (CTS) and clinical evidence of 
CTS.
Power analysis during the biostatistical preliminary 
assessment indicated a study population of 24 patients 
with 95% confidence level and 80% power, so, a total 
of 29 patients were enrolled in the study. Of these, two 
patients were excluded for having bilateral wrist spastic-
ity and three for having taken botulinum toxin injections 
3 months ago. Thus, 24 patients were finally included in 
the study.
US and Shear Wave Elastography (SWE) 
examinations
The US and SWE examinations were performed with 
a US system (Acuson S 2000; Siemens, Erlangen, Ger-
many). After the clinical evaluation, patients underwent 
SWE of the median nerves on both paretic and nonpa-
retic sides. SWE was performed by using a probe with 
an L9-4 linear array. Each patient was examined by two 
experienced radiologists (with >3 years of experience in 
musculoskeletal radiology) on the same day.
Both radiologists were blinded to each other’s ex-
amination and to the physician’s evaluations and to the 
patient’s status. 
Patient positioning
All US and SWE examinations were performed 
with the patient in the sitting position in front of an ex-
amination bed with their arms extended down by their 
side.  The arms were extended and the forearms held 
in the supine position while the wrists rested on a flat 
surface. Care was taken to examine in a neutral position 
as much as possible. Patients were requested to remain 
as relaxed as possible throughout all testing. However, 
in some cases, spasticity and flexion posture may not 
allow holding the probe motionless in the correct posi-
tion. In this case, a slight supination of the wrist was 
maintained on the paretic side to be able to insert the 
probe. The fingers were kept in a relaxed semiflexed 
position during the study. A standard US examination 
was initially performed to view the median nerve in the 
axial plane to delineate the anatomical structures better. 
Then images were obtained at the carpal tunnel level 
while the transducer was parallel to the long axis of 
the nerve (fig 1a). Longitudinal plane was preferred for 
SWE measurements to visualize the median nerve more 
widely from proximal carpal tunnel to distal carpal tun-
nel. If any movement occurred during SWE, the scan-
ning was repeated. The radiologist kept the transducer 
motionless while performing SWE.
Fig 1. a) Sagittal B-mode US image of the median nerve (white arrows) at the carpal tunnel. R = distal radius, C = proximal carpal 
row; b) VTIQ map shows the measurement of stiffness at proximal and distal of the carpal tunnel; c) VTIQ quality control image, 
indicating high-quality shear waves; d)  CSA measurement of the median nerve at the carpal tunnel inlet and the flexor retinaculum 
(arrows) overlying the median nerve were shown.
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SWV measurements
A rectangular electronic box-shaped region of interest 
(ROI) was used for SWV measurements automatically 
provided by the system software (fig 1b). Care was taken 
to place the ROIs at the median nerve. At least 5 sepa-
rate SWE measurements were performed at each median 
nerve. Each patient’s examination was repeated 3 times 
by the same physician on same day, and the mean value 
was used as the final result.
Image quality assessment
The quality of the images was assessed by color-cod-
ed quality maps provided by the US system in which the 
green areas were considered reliable (fig 1c). The yellow 
and red color–coded areas were considered as low-qual-
ity scans. If the image was of low quality, the scanning 
was repeated till high-quality images were obtained. All 
scans were repeated at least three times in each nerve, 
and the best representative image of the highest qual-
ity on the quality map was selected, which was used to 
measure SWV. 
CSA measurement
A transverse imaging plane at the carpal tunnel inlet 
was obtained for measuring CSA of the median nerve (fig 
1d). CSA measurements were done by performing a con-
tinuous boundary trace of the nerve.
Statistical analysis
Statistical analysis was performed using the statisti-
cal package SPSS software (version 17.0, SPSS Inc., 
IL, USA). If continuous variables were normal, they 
were described as mean ± standard deviation (P > 0.05 
in Kolmogorov–Smirnov test or Shapira–Wilk [n < 30]), 
and if they were not normal, they were described as the 
median. Comparisons between groups were applied us-
ing the Student t test for normally distributed data and 
the Mann–Whitney U test for data that were not nor-
mally distributed. The interobserver consistency test 
was applied with a variance analysis to determine the 
interclass correlation coefficient. An ICC greater than 
0.80 indicated excellent agreement. Correlations be-
tween the duration of time since stroke, SWV and CSA 
of the median nerve were tested using the Pearson’s 
correlation test. The correlation coefficients were inter-
preted as either excellent r ≥ 0.91; good 0.90 ≥ r ≥ 0.71; 
fair 0.70 ≥ r ≥ 0.51; weak 0.50 ≥ r ≥ 0.31; or little or none 
r ≤ 0.3. Values of p < 0.05 were considered statistically 
significant.
Results
Descriptive data (mean, standard deviation and fre-
quency) on the demographic and clinical variables of the 
patient sample are presented in Table I. 
 Mean CSA and SWV values of both readers for the 
affected and unaffected wrists were shown in table II. 
SWV of the median nerve at the affected side was sig-
nificantly higher when compared to the unaffected side 
(p=0.03) and CSA was significantly lower at the affected 
side when compared to the unaffected side (p<0.001). 
There was a negatively fair correlation between the CSA 
of the median nerve at the affected side and duration of 
time since stroke (r=-0.58). No significant correlation ex-
isted between the SWV of the median nerve at the affect-
ed side and the duration of time since stroke (r<0.3). As 
shown in table III the interobserver agreement for CSA 
and SWV measurements were excellent. 
Discussions
Upper limb spasticity may result in flexed wrist pos-
ture by involvement of the flexor muscles and this wrist 
posture has the potential to compress the median nerve at 
Table I. Clinical characteristics of the study population 
Characteristics 
Age (years) * 56.5±11.56 
Gender (females/ males),(n) 10/14
Duration of stroke, months* 19.29±11.77
Paretic side, right/left,( n) 10/15
Stroke etiology, (n)
          Hypertension 
          Multifactorial
          Diabetes Mellitus
          Mitral valve surgery 
          Trauma 
          Unknown etiology
11
8
1
1
1
2
* mean ±standard deviation, n- number
Table II. Mean cross-sectional area and SWV values of both 
readers for the affected and unaffected wrists
Parameter Affected Side Unaffected Side p
SWV (m/s)* 3.31±0.65 3.08±0.51 p=0.03
CSA (mm2)* 6.84±1.21 7.95±1.47 p <0.001
* Mean ±standard deviation; SWV – Shear Wave Velocity
Table III. Interobserver variability for cross-sectional area and 
SWV measurements
Parameter Reader 1* Reader 2* ICC (95%)
CSA, mm2
 Affected side
 Unaffected side
6.77±1.20
7.96±1.44
6.91±1.25
7.91± 1.44
0.90(0.79-0.96)
0.94 (0.88-0.98)
SWV, m/s
 Affected side
 Unaffected side
3.32±0.64
3.09±0.52
3.29±0.67
3.07±0.521
0.91(0.81-0.96)
0.86 (0.72-0.94)
CSA – cross-sectional area; * – Mean ±standard deviation; CI- con-
fidence interval; ICC – interclass correlation coefficient 
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the carpal tunnel. This compression might also be related 
with the decreasing carpal tunnel area. 
Our study demonstrated that the CSA of the median 
nerve on the affected side was significantly lower than 
that of the unaffected side and the median nerve stiff-
ness increased on the affected side when compared to 
the unaffected side. Also, our study showed a negatively 
fair correlation between the CSA of the median nerve 
on the affected side and the duration of time since the 
stroke. It means that the CSA of the median nerve de-
creases as time passes by due to chronic compression. 
Histologically compression neuropathy causes edema, 
fibrosis, demyelination, and Wallerian degeneration [7]. 
The negative correlation among the CSA of the nerve 
and the duration of time since stroke means that the CSA 
of the median nerve decreases as the time of exposure to 
compression increases. This is probably  related to the 
effects of chronic ischemia with secondary atrophy of 
the median nerve. Also, chronic compression may pro-
gress to fibrosis of the nerve in the chronic phase and 
our study demonstrated increase in the stiffness of the 
nerve when compared to the unaffected side. However 
uncorrelated results among the duration of time since 
stroke and the stiffness of the median nerve remain un-
clear.
Previously, CSA of the median nerve and stiffness of 
the median nerve was studied in carpal tunnel syndrome 
[8-10]. The deformity of the median nerve during wrist 
flexion or extension has already been shown and the CSA 
of the median nerve has been reported to decrease during 
wrist motion [5].  Also, the acute postural changes of the 
wrist have been reported to increase the median nerve 
stiffness [3]. Moreover, acute positional changes or acute 
increase in the pressure of the carpal tunnel may cause 
increase in both the intraneurial blood flow and the CSA 
of the median nerve due to edema [11]. Histologically 
chronic changes due to compression neuropathy are most 
prominent under the area of the directly compression. 
Our study demonstrated the atrophy of the median nerve 
and increased stiffness at the carpal tunnel due to chronic 
flexed wrist posture.
The first limitation of this study was the limited sam-
ple size. The second limitation was that the absence of 
peripheral neuropathy was not confirmed by performing 
electrophysiological studies on the unaffected side. Al-
though the nonparetic extremities in patients with stroke 
are generally considered to be normal, ambulatory assis-
tive devices, peripheral nerve conduction abnormalities 
or overuse of the nonparetic muscles may cause periph-
eral neuropathies of the median nerve on the unaffected 
side [12-14].  
Conclusions
In conclusion, these results suggest that chronic 
flexed wrist posture may cause a decrease in the CSA 
of the median nerve due to chronic compression after 
stroke and increase in the stiffness of the median nerve. 
US and SWE may be helpful imaging modalities to de-
tect the possible structural and anatomical changes due 
to chronic flexed wrist posture following stroke. Further 
larger and multi-center studies are needed to better define 
the effects of chronic flexed wrist posture on the elastic-
ity and CSA of the median nerve among chronic stroke 
patients.
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